The virulent staphylococcal phage K infects a large number of Staphylococcus aureus strains. Previous studies showed that purified phage preparations, adsorbed in sufficient numbers to living cells of strain K1, brought about a surface change allowing staphylococcal extracellular lysins to digest the wall, resulting in an immediate lysis-from-without (Ralston et al., 1955 (Ralston et al., , 1957a . This phenomenon was referred to as "sensitization." Sensitizing quantities of phage also blocked active phage infection. Even when adsorbed maximally with particles, the sensitized cells retained their coccal appearance, formed no phage, and exhibited no lysis for long periods.
This phenomenon may be related to the recent effects (also termed "sensitization") noted by Lanni (1961) with the coliphage T5 st and its host Escherichia coli B, in which phage-bacterium complexes rapidly lost their plaque-forming abilities when they were placed in calcium-deficient challenge buffers.
It was found that the number of particles required to bring about sensitization varied with the cell age; cells reached a peak of sensitivity within 3 to 4 hr after inoculation on Tryptose Phosphate (TP) agar (Difco), at which time they could be sensitized by low multiplicities of phage. Infected cells were shown to remain uniformly resistant to virolysin until the end of the latent period, and evidence was presented to show that infection-lysis was in part mediated by intracellular amounts of newly synthesized phageinduced virolysin (Ralston et al., 1961) .
In other studies (Ralston, 1963) , it was reported that the damage to the cell surface was specific in that it served to expose mainly those regions of the mucopeptide substrate(s) affected by the normal cell autolysin and the phageinduced enzyme, virolysin, and only secondarily allowed egg-white lysozyme to act in combination with these lysins.
Mild heat in saline at 44 C also converted the cells to lysin sensitivity. We suggested that a heat-labile structure or mechanism must be intact for the cell to maintain its resistance to wall lysins. This damage was reversible by incubation in broth at 37 C, and it was noted that cells sensitized by phage at 4 C could also regain their lysin resistance and plaque-forming ability upon incubation at 37 C (Ralston et al., 1957a) .
In the present studies, we have investigated the possibility that sensitization of the cell surface by phage K is accompanied by a damage to systems involved in energy supply to the cell. VOL. 86, 1963 For most tests, the strains were grown for 4 hr at 37 C on TP agar. The inoculuim was an 18-to 24-hr slant of the same medium, suspended in 20 ml, and dispensed in 1-ml portions oIn the surface of standlard agar plates. The cells were harvested in 0.85% (w/v) saline, washed in saline, and suslended in buffer to approximately 3.5 X 108 cocci/ml.
Phage. The polyvalent, virulent stal)hylococcal K, phage was used throughout. This has been referred to as P, and is the parent phage from which a host-controllable mutant, P14, now redesignated 114, was isolated (Ralston and Krueger, 1952) . It was produced on host K, in a double-strength TP broth. Usually, 500-ml Erlenmever flasks containing 250 ml of medium were inoculated with 2 X 108 cocci/ml, and were aerated by shaking at 37 C until the cells had reached 109/ml (generally 3 hr). Then phage was added to give a phage-cell ratio (P/B) of 1:50, and the mixtures wAere incubated until lysed, about 4 to 5 hr. The ly3sates were stored at 4 C overnight, adjusted to pH 7.5 with 1 N NaOH, treated at room temperature with 0.5 ,ug/ml of ribonuclease and deoxyribonuclease (crystallized; Worthington Biochemical Corp., Freehold, N.J.) until the viscosity was reduced (visual estimation). Then 0.5 ,ug/ml of trypsin was added, and the flasks were incubated for another 2 hr at room temperature (sometimes at 37 C). Ethylenediaminetetraacetic acid (EDTA) was added to 0.02%, and the bacterial debris was centrifuged and sedimented at 2500 X g. The lysates were then subjected to several cycles of low-and highspeed centrifugation; the phage pellet was resuspended in EDTA-saline until the final cycle, when the EDTA was eliminated. The phage was generally concentrated about 30-to 50-fold by this procedure, to a titer of 3 to 5 X 101"/ml.
Enzyme. The lysin, virolysin, induced by staphylococcal phage K, was obtained from the phage lysates, with the exception that trypsin wAas not used in the treatment of the crude ly3sates.
The lysin was present in the high-speed supernatant after removal of the phage. In some experiments, this material was usedl directly; in others, the virolysin was purified as described previously (Ralston et al., 1957b) , or by a procedure involving its adsorption on Super-Cel and elution at 4 C in 50%cO saturated salt solution, containing 0.1 m K2H/KH2 phosphate buffer, at pH 6.3. The eluate was concentrated by dialysis against dry Carbowax 4000 (Soller, 1961) . The enzyme was labile and did not store well at 4 C or -20 C, so that during the course of these studies several separate preparations were used. There did not appear to be any major dlifferences in these preparations with respect to the subjects under investigation.
Detection of sensitized cells, aninfected cells, and infected cells. The methods for assaving plhage, estimating lysin, and conducting lysis tests have all been described previously (Jones and Krueger, 1951; Ralston et al., 1957a, b; Ralston and B3aer, 1960 (Fig. 1) . In this measurement, resting (18 hr) cells (2.3 X 108/ml) were equilibrated for 20 min at 37 C under static and shaken conditions. Then TTC was added to 0.01%, and growth and dehydrogenase activity were measured. In aerated flasks, cell growth was more rapid, but TTC reduction was poor. Therefore, all our tests were performed in stationary tubes, where the reduction was optimal.
To make comparisons of the debydrogenase (Lester and Smith, 1961) . In our suspension, the dye was retained by the cocci for long periods without complications from autolysis. As early as 1 min after the dye was added, reduction had begun in over 95% of the cocci. In confirmation of the studies of Diena, Wallace, and Greenberg (1962) , the formazan appeared to be located around the coccus, often seeming to bulge out from the cell. It increased in intensity with time, but we could not distinguish between an intracellular and an extracellular location.
Effect of phage K on dehydrogenases of S. aureus K1. In growth media and in the CGPS buffer, phage K caused a decrease in the reduction of TTC to formazan (Fig. 1) (Ralston et al., 1957b) . In the present study, a test was made of the effect of sensitizing quantities of phage on the dehydrogenases of several of these S. aureus strains. The degree of inhibition of their dehydrogenases was compared with the total lysis produced by virolysin. Purified K phage was added to cells in TP broth. After adsorption of the phage, TTC was added to a final concentration of 0.02%, for measurement of the residual 669~ on October 27, 2017 by guest http://jb.asm.org/ Downloaded from dehydrogenases. Comparable phage-treated samples were exposed to strong amounts of virolysin, and the fractions of cells sensitized were calculated from the known numbers of cells lysed at 37 C. Every strain susceptible to sensitization exhibited a susceptibility to dehydrogenase inhibition, but the degree of lysis was not directly related to the inhibition of TTC-reducing capacity ( Table 2 ). The quantities of phage required to sensitize varied with the different strains; for example, strain 73, exposed to a P/B of 21, underwent 27% lysis, whereas 3A, exposed to a P/B of 14 particles, lysed 64%. This was not related to the percentage of dehydrogenase depression. Some of these differences may have depended upon the structural configuration of the walls which might have affected their rate of lysis. The data show that dehydrogenase inhibition is a rather general property of phage K.
Relationship of the antidehydrogenase effect to other biological functions of K phage. It is already known that sensitized cells cannot support phage synthesis. In fact, sensitization has been found to block phage replication and also to prevent the appearance of the induced enzyme, virolysin (Ralston et al., 1961) . In other words, sensitization and infection have been shown to be mutually exclusive events. From this, it seems possible that if the antidehydrogenase activity of phage were to apply mainly to sensitized cells the dehydrogenases of infected cells would be expected to remain undiminished. Unfortunately, studies of infected cells have been difficult to perform with strain K, because, even at low phage multiplicities, the population has been found to be mixed with a large fraction of sensitized cells. The possibility that dehydrogenase changes pertained to these cells could not be easily eliminated. However, by using older cells of strain PS 51, we have been able to infect larger percentages of cells and thus obtain sufficient proportions of infected cells to measure their TTC-reducing capacities. In this study, resting cells were suspended in TP broth to 2.4 X 108/ml; phage K was added from P/B = 0.23 to 4.36. After 20 min at 28 C, the uninfected cells were 
DISCUSSION
The analysis of the antidehydrogenase and sensitizing activities of phage K is quite complex. Our investigations suggest that sensitization by phage is accompanied by a decrease in the cellular dehydrogenase activities. The antidehydrogenase effect does not appear to be related to the ability of the phage to kill; neither does it seem to occur when cells are infected at low multiplicities in the range of one particle per cell, such cells having been shown to be nonsensitized, i.e., resistant to virolysin. Under conditions of high phage multiplicity, the degree to which the antidehydrogenase effect pertains to sensitized and infected (nonsensitized) cells is less clear. At high phage levels the cell populations contain mixtures of sensitized and infected (nonsensitized) cells, and there was no estimate of the relative activities of the individual cells in each category. In some tests, all the TTC-reducing capacity of the sensitized fractions was obliterated by phage. In other tests, there appeared to be a proportion of sensitized cells still capable of reducing the dye; these, of course, could be lysed by virolysin. This indicates that loss of resistance to virolysin is not dependent upon an all-or-none block in the dehydrogenases; therefore, if there is any relationship between the two phage properties, it is dependent upon a more subtle, less drastic interference with these cellular enzymes.
In a separate publication (Ralston and Perry, 1963) , a more detailed analysis has been presented of the quantitative effects of the antidehydrogenase and sensitizing activities of the phage. In these studies, the accumulated evidence strongly suggests that sensitization is accompanied by a severe decrease in the dehydrogenases to critical threshold levels. Above these levels, the cells appear capable of maintaining resistance to virolysin.
Regardless of its role in cellular resistance to lysin, the antidehydrogenase activity of this phage provides a new basis for studying the pathological potentials of this virus for the staphylococci.
